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Effects of Some Polyene Antibiotics on fluman Platelets
and their Function
P.M. v,q.N oBn Prls. L.Kn.q.aN, J.Srnse and H.C.HBrr'nBn
Division of Haemostasis and Thrombosis, university Hospital Dijkzigt, Rotterdam,
and Laboratory of Cardiovascular and Blood Coagulation Biochemistry,
Department of Internal Medicine, University Hospital Leiden, Leiden
Abstract. (1) Polyenes aggregate platelets' The aggregation Key Words
power diminishes in the following order: filipin > nystatin > Polyene antibiotics
etruscomycin-pimaricin. (2) In the case of filipin, aggregation is Blood platelets
probably caused by damage to platelets resulting in a release of Platelet aggregation
platelet contents, which subsequent aggregates the remaining pla- Platelet factor 3
telets. (3) Filipin-induced aggregation can be partially inhibited by serotonin uptake
adenosine and is Ca++-dependent. (4) Collagen- and ADP-induced
aggregation can be inhibited by low concentrations ofetruscomycin. (5) Polyenes are able
to release platelet factor 3 from thrombocytes. The strength decreases in the following
order: filipin > nystatirl > etruscomycin > pimaricin. (6) The uptake of serotonin by
platelets is diminshed by polyenes. Leakage of 86Rb from preloaded platelets increases
upon addition of polyenes.
Polyene antibiotics have effects upon lipid systems including mono-
and bilayers f7,9,24f,l iposomes [15] and the membranes of cells of sensitive
organisms (yeast [3]) and erythrocytes [14]. Furthermore, lipid-dependent
blood coagulation reactions are hampered by some of them [20].
The effect produced depends on several parameters including polyene:
lipid ratio and the (chole)sterol content of the lipid. In low concentrations,
polyenes affect only those lipid structures which contain sterols. Higher
polyene:lipid ratio also cause a non-specific interaction with other lipids
in some systems 18,22]. Lytic concentrations of filipin cause the formation of
pits in erythrocyte membranes [16]. It seems that polyenes bind to a compo-
nent of the surface of a cell; the amount of polyene bound depends on the
cholesterol content of the membrane.
Received: October 16,1972; accepted: February 23, 19'13.
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Platelets contain sterol in their membrane and in ral-ious subcellular
structures. The purpose of this paper is to describe t}r lnffuencr Lrf some
polyenes on platelets and on a number of platelet function tterr.i.
Materials ond Methods
Polyene antibiotics were obtained from the folloqing sc\rr{x: tlirgrn :r-rpler t\1 :
654), referred to as'filipin'from The Upjohn Company. Kala.mrrzrr.r- \{cr: nystatin
(M-932) from Labaz, Brussels, Belgium; etruscoml-cin (\l- nltr tsr.r:: Farrnitalia,
Milan, Italy;pimaricin (M-681) from Mycofarm, Delft. Hollant.
Polyene suspensions were prepared as already described [:tt]- Ptalckr-rxl pia-ima was
obtained by collecting 5 ml samples of blood in 0.1 ml 0.5: v srarc ltrft-::ran and centri-
fuging for 5 min at 400 g. Platelet-rich plasma was used betrwr $ mr rrj -< h after
centrifugation. EDTA platelet-rich plasma was obtained from bl,nrd ;rlihrcd in tubes
containing 2-5 mg EDTA/ml blood and treated as above.
Aggregation of platelets was measured at 37 'C with a \-itatron phcrroc^rrr ' \'C 200)
at 596 m. Aliquots of 1.8 ml platelet-rich plasma were irrcubated fon i r:r :n a round
bottom siliconized cuvette with a magnetic stirrer. The optical dernr] ras :ttLydd con-
tinuously by a Vitatron recorder. Paperspeed I cm min. After pre-rrr.'uhal(ln r',.1 ml of
aggregating substance was added and the optical densitl'recorded for X(t rm-
The influence of polyenes on ADP and collagen-induced platelet ag:-errllrrn was
measured as follows: aliquots of 1.8 m1 platelet-rich plasma rere rra!-nnl;;: :be.-uvette
for 3 min and then 0.2 ml polyene suspension (or control solutiqlr re-* .ul"Jed. After
10 min 0.2 ml ADP solution (final concentration 1 pg ml) or collagrn siusFt riron was
added and the optical density was recorded for another l0 min.
ADP (obtained from Sigma) was dissolved in saline and stored at -l 'C :n a concen-
tration of 50 pg/ml. Before use it was again diluted with saline to obta.rn a i-rl :oncentra-
tion in the test mixture of 1 pglml
Collagen from human tendon was suspended in buffered-saline t I Fan rencvr,al acetate
buffer, 19 parts saline) as described by RrNauo et al.1211, and uas stcred rn frozen condi-
tion (-20'C). A 1:5 dilution was able to aggregate the platelet-rich plasnn drnrrng from
normal individuals.
For the visual inspection of platelet aggregation a Zeiss micrcxcoFe srrh phase-
contrast equipment was used.
86Rb effiux from platelets was measured as described by Baaorrrru:rri [] urth some
slight modifications. The complete procedure was as follows:
(a) For the effect of polyenes present during loading on the emrl\ of nRb I !6RbCl
Amersham, containing 0.39 mg Rb/ml with a specific activity of 1-r3 rnC mlr: to 9 vol
platelet-rich plasma containing 4 x 1011 platelets/l and 86Rb (final corx-enraritrn 'rrg/ml)
1 vol of polyene suspension (or control solution) was added. Incubation of rhe mixture
for 90 min at 37 "C was followed by transfer of 1-ml samples into diallsis traes. These
bags were dialysed against 10 ml of a modified Krebs-Ringer buffer solution r composition,
mmol / l :  Na+ 142;  K+3;  C l '118;  HCO,-  231 'HPO.2-  1 .62 ; }J rPOr '  O. - r9 :  e iwo:e  22 .2 ;
pH 7.3-7.5) in a glass tube at room temperature under continuous mixing b-r.. rourion of
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the tube at 30 rpm around its axis. After 3, 6, 10, 15 min and every 15 min thereafter for
3-4 h, the bags were transferred to fresh tubes. The radioactivity in the glass tubes was
counted with a 7-spectrometer (Packard instruments, type 5212) using 2 or 4 ml samples.
From these values the residual radioactivity after each transfer could be calculated and
a time-effiux curve constructed.
(b) For the effect of polyene added during dialysis: to platelet-rich plasma containing
4 x 1011 platelets/l was added 2 pg 86RbCl/ml and after 90 min of incubation at 37 "C 1-ml
aliquots were transferred to dialysis bags. These bags were brought into fresh glass tubes
containing 10 ml modified Krebs-Ringer solution at times as indicated above. After
60 min 0.15 ml polyene suspension was added and the dialysis resumed for 2-3 h. The
radioactivity was measured (see above) and a time-effiux curve constructed.
Platelet factor 3 measurements were performed as follows: I vol platelet-rich citrated
plasma and 1 vol polyene suspension were incubated for I min at 37 'C after which 0.1 ml
of this mixture and 0.1 Russells' viper venom (final concentration 1.7 x 10-3 mg/ml) were
combined at 37 'C. After I min 0.1 ml CaCl 1/40 rra was added and the clotting time
measured. For the estimation of total platelet factor 3, platelet-rich plasma was frozen
(2O'C) and thawed 4 times before incubation with polyene. Veronal-acetate buffer (pH
7.35) was prepared according to Mrcnlnr-rs [18].
Serotonin uptake by platelets in the presence of filipin was measured as follows:
I ml platelet-rich plasma was incubated with 5-hydroxytryptamine-creatine sulphate
(lpglml plasma) at 37 "C and samples were taken every 5 min for 30 min. These samples
were centrifuged for 2 min at 12,000 g and the serotonin in the supernatant fluid was
measured as described by HlnonulN et al.1101. The amount that had been taken up
during a 30-min period was then calculated.
Results
I. Polyenes qs Aggregallion Inducers
Polyene antibiotic suspensions were used to produce aggregation as
measured with a photometer and continuous recorder. In this system changes
of optical density can have two causes, since both lysis and aggregation of
platelets result in a decrease of optical density. This means that a shift in
optical density must be checked by examination with a microscope to see
whether aggregates have actually formed. The patterns obtained with the
recorder for citrated platelet-rich plasmas are shown in the figures 1-4 for
filipin, nystatin, etruscomycin and pimaricin, respectively. From these
figures it can be concluded that in the concentration range used only filipin
and nystatin give platelet aggregation. For filipin, microscopical inspection
showed the presence of very large platelet aggregates, the number and size
depending on the polyene concentration. Nystatin also gives rise to aggregate
formation, but aggregates are small even at an antibiotic concentration about
5 times higher than that of filipin.
177
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Btank
1 .4x  10 -5  v
7x  10 -5  u
14x10-5 v
9x  10 -a  v
6  x  10 -av
Btank
,f
7 Add i t ion#
5 10 15 min
Frg./. Filipin-induced platelet aggregation. Vertical axis: arbitraly optical density
units. Horizontal axis: incubation time. The final filipin concentrations are given to the
right of the graph.
Frg.2. Nystatin-induced platelet aggregation. Axes as figure 1'
Frg.3. Etruscomycin as a platelet aggregation inducer. Axes as figure 1.
Etruscomycin and pimaricin did not give an aggregation pattern in the
concentrations applied and microscopical inspection confi.rmed the absence
of aggregates.
In the case of filipin an optimal concentration for aggregate formation
was found. At low concentrations there was an increase of the number and
size of aggregates with increasing concentrations, but at concentrations
higher Ihan L2 x l0-4 u using platelet-rich plasma containing about 3 x 1011
platelets/l lysis of thrombocytes surpassed aggregation and at still higher
concentrations (5 X 10 4 rvr) aggregates could scarecely be observed with the
microscope. The fall in optical density was probably caused by filipin-
induced lysis of platelets.
When EDTA platelet-rich plasmas were used instead of citrated plasmas
in similar experiments, aggregates were neYer seen microscopically. The
change in optical density was clearly the result of lysis of platelets.
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2.6 x 10-a u
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Fi l ip in  +  adenos ine  (10p9 /ml )
F i t i p i n + a d e n o s i n e  (  5 p g  / m l )
F i l ip in  +  sa t ine
5  l 0  1 5 m i n
Fig.4. Pimaricin as a platelet aggregation inducer. Axes as figure l.
Fzg.S. Influence of aggregation of a filipin suspension on its ability to induce aggre-
gation of platelets. Axes as figure l. One part of a filipin suspension (giving a final concen-
tration of 14 x l0-5 v) was used directly (lower curve). Another part was centrifuged
during 15 min at 100 g and the supernatant fluid was used to induce platelet aggregation
(upper curve).
Fig.6. Inl:ribition of filipin-induced aggregation by adenosine. Axes as figure 1. Final
filipin concentration 2.5 x 10-4 M. Final adenosine concentrations are given to the right
of the graph.
2. The Effect of Centrfugation of q Filipin Suspension on ils Ability to
Induce Aggregation of Platelets
The question of how the induction of aggregates takes place arises. Small
particles suah as kaolin can cause aggregation f4, 12,23]. Polyene is only
available in the form of a suspension of small particles which can be easily
recognized with an ordinary light microscope. Aggregation might, therefore,
be analogous to that caused by kaolin particles. This is not, however, likely
as analogous induction of aggregation by pimaricin and etruscomycin
should then also occur, since suspensions of these polyenes also contain
small crystals. Centrifugation of a filipin suspension at low g-forces (15 min
at 100 g) greatly diminishes the aggregation power (fig.5), so it must be
180 vAN DER Pr,As/Kr.,c,A'N/Snnnr/Hrurrn
Fig.7'Electronmicrograph showing the effect of filipin (final concentration 5 x 10-a u)
on platelets. The arrow in the left corner represents I nm'
assumed that aggregation indeed is caused by sedimentable particles and not
by molecules in solution'
3. The Influence of Adenosine on Filipin-Induced Aggregation of
Thrombocytes
To determine whether the filipin-induced aggregation was mediated by
release of ADP from the platelets, the ipfluence of adenosine was looked at,
since adenosine is an inhibitor of ADP-mediated platelet aggregation [5]'
Various mixtures with the same concentration of fllipin but increasing
amounts of adenosine in saline were added to platelet-rich plasmas and the
aggregation was followed both with the photometer and under the micro-
scope.
Although a clear picture was not always obtained, it seems that this
aggregation can in fact be inhibited by adenosine as can be seen from
figure 6, which shows a dose-dependent effect of adenosine. In such experi-
ments fewer aggregAtes were found on inspection with the light microscope'
']r
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Etruscomycin final conc.
2 .4x10-s  u
Etruscomycin final conc.
l .2  x  l0 - '  M
Btank
1 2  9 1 0 20 25 min
on collagen-induced platelet aggregation. AxesFig.8. The influence of etruscomycin
as figure 1.
4. Electron Microscopical Studies
' An attempt was made to visualize the action of filipin on platelets with
the electron microscope. Platelet-rich plasma was mixed with filipin at
different fi.nal concentrations. Then the platelets were fixed with the use of
glutaric aldehyde according to Sixma as described by rnN Clre [6]. Platelets
showed a typical EM appearance, notably with disruption of the outer mem-
brane. Release of aggregating substances, such as ADP and serotonin, as is
usually the case with damaged platelets, is suggested by these appearances.
Figure 7 showes a typical picture. It can be seen from this electron micro-
graph that in the case of a final concentration of filipin of 5 x 10-a u, the
membranes show characteristic 'bubbles' not seen in the control. Low con-
centrations of filipin up to 3 x 10-5 ru did not show these effects.
5. Influence of Low Concentrations of Polyenes on the ADP- and Collagen-
Induced Aggregation of Platelets
At polyene concentrations too small to give lysis or aggregation there
might still be an interaction resulting in a diminished or enhanced aggrega-
tion of platelets induced by ADP and collagen. To investigate this possibility,
the influence of polyenes on ADP and collagen aggregation was investigated
in a system as described above.
If filipin is used in this test system in a fi.nal concentration too low to
cause an optical density shift (1.4 x 10 5 rrl or less) no influence on collagen
aggregation can be observed; this is also the case with nystatin and pimaricin
in maximal final concentrations of 10-n u and 1.3 x 10 4 rvr, respectively.
Etruscomycin, on the other hand, reduces the collagen-induced aggregation
at final concentrations much lower than those used in the experiments de-
scribed under Results No. I (l.2 x 10 5 rr.r and 6 x 10-4 tu, respectively) (fig. 8).
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Fzg.13. Effiux of 86Rb from platelets loaded in the presence of filipin. Axes as figure 9.
Fig.I4. Filipin-induced platelet factor 3 release. Vertical axis: clotting time (sec).
Horizontal axis: final concentration of filipin (x l0'5 tu). o-o : 1010 p1/1 plasma;
O--- -O:1011 p l / lp lasma; o-a -  l0 l0pl i lp lasma; O--- -o:10 '1 p1/1 p lasma;
o : frozen and thawed 4 times.
The same effect of etruscomycin is seen upon ADP-induced aggregation
(final ADP-concentration L p,glml) which is also markedly reduced by this
antibiotic. Fewer aggregates are seen on microscopy.
6. Leakage of 86Rb through the Thrombocyte Membrane in the Presence
of Filipin
BearBNnuvsnN [2] described a method of measuring the leakage of eRb
from platelets which has been loaded by incubation with a RbCl solution.
The method was slightly modified to assess the influence of polyenes present
either during loading or passive leakage of 86Rb through the cell membrane
in the surrounding medium. Figures 9-12 show the influence of polyenes
added t h after the onset of dialysis. The rate of loss of radioactivity from
the dialysis bag is increased, the effect being strongest for filipin and totally
absent for pimaricin. This effect is concentration dependent. In figure 13 the
effect is shown of adding filipin during the loading with 86Rb. The total
amount of 86Rb loaded is calculated by extrapolation to time zero of the line
found from the time that the excess of 86Rb has been dialysed. The load of
86Rb is clearly diminished by polyenes. The strength of the effect on the
loading is filipin ) nystatin ) etruscomycin ) pimaricin, when equal
molarities are compared.
FinaL ( f i l . )  =2 .8x  16-5  M
F i n a l  ( f i t . ) =  7 x 1 0 - 5  M
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Fig.t6. Etruscomycin-induced platelet factor 3 release. Vertical axis: clotting time
(sec). "Horizontal axis: final concentration of etruscomycin ( x 10-5 u). o-o : lQto p1/1
p tur -u ;  o - - - :O :1011 p l / lp lasma;  o -o :1010p1/1  p lasma;  ' - - - -o :1011 p l / l
plasma; o : frozen and thawed 4 times'
7 . The 'Release' of Platelet Factor 3 in the Presence of Pglyenes
Many authors have described the release of platelet factor 3 from throm-
bocytes by processes in which disruption ofthrombocytes could be expected,
e. g. repea;d freezing and thawing or incubation with particles such as
mofinif f-f 3,231. The release of PFs in the presence of polyenes was in-
vestigated using the method of Spenr and CINTRoN [23], modified appropri-
ately. Polyenes were added to platelet-riclr plasmas with varying platelet
"ount 
und the clotting times recorded. In each experiment platelet-free
plasma from the same subject was always used for dilution so that the number
of plut.l"t, was the only variable. Figures 14-17 show the effect of polyenes
on;lofiing time. It can be seen that polyenes are in fact able to release PF''
Here too, magnitude of the effect depends upon the polyene used' As a
control clotting times using an optimal amount of PF, (so-called total PF')
are included in the figures' This optimal amount of PF' was obtained by
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0 1 0 2 0 3 0 4 0 5 0
Final conc. of pimaricin (x lO-5 u)
Fig.lT.Pimaricin-induced platelet factor 3 release. Vertical axis: clotting time (sec).
Horizontal axis: final concentration of pimaricin ( x 10-5 Ira)' o-o : 1010 pl/l plasma;
O ----O : 1011 pl/l plasma; a-o : 1010 plil plasma; o----. : 1011 pl/l plasma;
O : frozen and thawed 4 times.
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freezing and thawing the material four times. A dual effect can be seen in
these figures. At low concentrations of filipin and (to a lesser extent of
etruscomycin) a shortening of clotting times is seen due to 'release' of PFs.
At higher concentrations lengthening of clotting times is again observed
b.1o1o /  L
4 x frozen ptatetets
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Final  conc.  of  polyene (x l0-5 u)
Fig.19. The influence of polyenes on the uptake of serotonine by platelets. vertical
axis: percentage of the uptake by blank (without polyene) in a 30-min period' Horizontal
axis: final concentration of polyenes ( x 10-6 u).
because the inhibitory action on clotting times surpasses the clot-promoting
effect by the release of PF3. In the case of total PF, (after freezing and thaw-
ing) only the clot-delaying effect is observed.
The same experiments were repeated with filipin using an increasing con-
centration of this antibiotic and 4 different platelet counts. It can be seen
from figure 18 that repeated freezing and thawing (right side) gives shorter
clotting times than can be obtained with filipin. It seems likely that this is an
isolated effect caused by the clot-delaying effect of filipin only.
8. Effect of Polyenes on the (Iptake of Serotonin by Platelets
The effect of polyenes on the serotonin uptake by platelets was studied
with the technique described by HlnorueN et al. [10]. Figure 19 shows the
percentage uptake of serotonin by platelets from the plasma in the presence
of different amounts of polYenes.
It is evident that here again fllipin and nystatin (just as in the aggregation
experiments) have the greatest influence on serotonin uptake. Although
pimaricin and etruscomycin show a significantly smaller effect than nystatin
and filipin, serotonin uptake is decreased by all these polyenes.
Discussion
The influence of polyene antibiotics on microorganisms and erythrocytes
has been the subject of study for some years. The effects on systems such as
lipid layers and liposomes have been investigated by a number of techniques
based on, for instance, surface tension l7 ,9], the lifetime of bilayers 1241, and
the transport of ions and small molecules across membranes.
30
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The effect ofpolyenes is known to be dependent on the presence ofchole-
sterol in membranes. At low polyene: lipid ratio the effect depends on the
sterol content of the lipid. According to several authors a less specific inter-
action between polyenes and lipid should be possible at higher polyene: lipid
ratios. The influence on the lipids acting in the clotting mechanism proved
to be cholesterol dependent despite the fact that relatively high concentra-
tions of polyenes were used [20]. In this paper the influence of polyenes on
the human platelet is discussed. Thrombocytes are known to contain chole-
sterol in their membranes, the molar cholesterol: phospholipid ratio being
lower than this found in human erythrocytes namely 0.53 and 0.89, respec-
tively, according to AsHwonrs and GnpnN [1] and Mancus et al.fl7l. on the
basis of this ratio, the effect of polyenes on erythrocytes can be expected to
be greater than on platelets. An increased effect might occur in those cases
where the (chole)sterol content of the platelet is higher than in normal
platelets (if indeed such cases occur). In our experiments several effects of
polyenes on platelets were found. The most potent polyene (on basis of its
haemolytic action) appears to be able to induce aggregation of platelets if
an optirnal final concentration is chosen (about 2 x 10-4 mol filipin/3 x 1011
platelets), but only in the presence of Ca++, because no aggregation was seen
when EDTA plasma was used. Higher concentrations caused an optical
clearance of platelet-rich plasma with release of platelet constituents such as
PFr. Fewer aggregates were observed with these concentrations than with
the optimal concentration.
In the presence of polyenes a decreased uptake of 86Rb was seen. when
filipin was added to preloaded platelets a sudden loss of 86Rb from the
platelets was observed.
The total amount of serotonin taken up in the presence of this antibiotic
is diminished. The diminished uptake is the result of either lysis of thrombo-
cytes or inhibition of uptake across the platelet membrane, but it is also
possible that a particle-induced release during the experiments resulted in a
spuriously low serotonin uPtake.
on the basis of these findings it must be assumed that aggregation takes
place because under optimal conditions some of the thrombocytes are lysed
(or at least destroyed) resulting in aggregation of the remaining intact plate-
lets by .released'cell content. This hypothesis is supported by the finding
that adenosine counteracted the polyene-induced aggregation.
Furthermore, the electron micrographs showed that indeed a membrane
'destruction' with possible loss of cell constituents takes place. The influence
of filipin on the collagen- and ADP-induced aggregation is difficult to inter-
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pret because even when small amounts of filipin are used some lysis can not
be excluded.
The other polyenes did not have such pronounced effects as filipin.
Nystatin in polyene: lipid ratios higher (about 5 times) than filipin can give
some aggregation, but the aggregates are always small as compared to those
induced by filipin. Here too, at higher concentrations no aggregates are
found. Possibly the release of aggregation-inducing substances from plate-
lets is insufficient (too slow) to cause aggregation. However, the lysis of
erythrocytes is a quick process also when nystatin is used [7]. It cannot be
excluded that the difference in lipid composition between platelets and
erythrocytes is the cause of a relatively low sensitivity of the platelet mem-
brane as compared to the erythrocyte membrane. In the other tests too, such
as PFg release and clot-inhibition, nystatin seems to be a weaker agent
than filipin which confirms the result of other authors [7-9] in different
systems.
Pimaricin and etruscomycin did not cause aggregation in the concentra-
tions used. Etruscomycin, however, did inhibit ADP- or collagen-induced
aggregation even at low concentrations. Possibly an adsorption onto (or at
least interaction with) the platelet membrane results in a hindrance of nor-
mal interaction needed for aggregation. Another possibility is that the action
of etruscomycin alters the membrane and thus inhibits the release of ADP
(after the collagen-platelet interaction). This is in accordance with the ideas
of Plcun and CHe,pN.l.q.N [19] who assume a changed fluidity of lipid chains in
bilayers under such conditions. Pimaricin did not have any influence on
collagen- and ADP-induced aggregation up to 2.5 x 10-4 tvl. Also this polyene
does not possess the other effects of filipin and nystatin.
All data for these 4 antibiotics together with some data from other
authors are summarized in a qualitative manner in table I.
It must be stated that the order ofstrength ofpolyenes is dependent upon
the test system used. Several authors point out that though all belong to the
group of polyene antibiotics large differences in action can be found as a
result of the molecular structure and size of the different polyenes. In the
past a distinction was drawn between a high and a low molecular weight
group by LlupnN et al. with respect to their strength of influencing lipids.
They proposed an inverse correlation between the number of carbon atoms
and the extent of membrane damage. In general, however, it can be stated
that the action of polyene antibiotics upon platelets runs parallel to that
found in other test systems.
1Polyene Antibiotics and Blood Platelets
Tabte I. Effect ofpolyene antibiotics on thrombocytes
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Pimaricin Etruscomycin Nystatin Filipin
Aggregation of citrated
platelet-ricb Plasma
ADP/collagen
aggregation
PFs release
86Rb leakage
Serotonin uPtake
Coagulation
Monolayer surface
pressure [fl
Bilayer lifetime [24]
slight decrease
slight influence
slight shortening
inhibition
some
slight increase
slight decrease
slight inhibition
strong influence
shortening
+
+
strong increase
decrease
stronginhibition
strong influence
marked
shortening
+
-l-
increase
decrease
influence
marked
shortening
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